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Abstract 
Despite the importance of balance in Acrobatic Gymnastic Pyramid performance, there 
is limited biomechanical analysis of balance during this activity. The aims of this study 
were to analyse the effect of pyramid difficulty on the centre of pressure (COP) 
excursion and its inter-trial variability, and determine which parameters had strongest 
relationship with performance. Forty-seven acrobatic gymnasts performed five trials of 
back and front pyramids and a third more difficult, handstand pyramid on a force 
platform. Pyramids were held for 7 seconds and surface area, range, mediolateral 
amplitude and anteroposterior amplitude of the CoP were examined to analyse balance. 
The pyramid scores were obtained from qualified judges to assess the performance. 
Results showed higher CoP excursions and inter-trial variability during the execution of 
the high difficulty pyramid. Higher judges' scores were associated with lower CoP 
excursions in all the pyramids regardless of the difficulty. Similarly, correlation between 
inter-trial variability and pyramid performance were observed, although these 
coefficients were lower than those reported for the relationship between CoP excursion 
and performance. These results suggested that CoP monitoring could help coaches and 
gymnasts to assess the pyramid instability more accurately. 





The ability to balance is a prerequisite to execute many sports techniques, therefore 
understanding the relationship between balance and performance is of interest to scientists, 
coaches and athletes (Hrysomallis, 2011). This ability is even more important for those sports 
and physical activities where maintaining a static position is a requirement, such as dance 
(Steinberg, Waddington, Adams, Karin, & Tirosh, 2018); shooting sports (Ko, Han, & Newell, 
2018; Negahban, Aryan, Mazaheri, Norasteh, & Sanjari, 2013); or gymnastic sports (Shigaki et 
al., 2013; Floría, Gómez-Landero, & Harrison, 2015; Opala-Berdzik et al., 2018). Moreover, in 
the gymnastics disciplines, a judge scores these static positions (e.g. handstand, balances on the 
foot) as part of the final score for the exercise. The importance of these static positions on 
performance depends on the gymnastic discipline. In acrobatic gymnastics, a large proportion 
of the final score is based on correct execution of balance formation or pyramids (Federation 
Internationale de Gymnastique, 2017). A pyramid is a characteristic formation composed of at 
least one gymnast in the base supporting partner(s) on the top while maintaining a static balance 
for a minimum of three seconds (Federation Internationale de Gymnastique, 2017). In 
competition, the acrobatic gymnasts perform three types of exercise: balance, dynamic and 
combined. Balance and combined exercises involve collaboration between gymnasts to perform 
various static pyramids, usually with different levels of difficulty, as an important part of their 
competitive routines. Technical faults such as movement amplitude, non-optimal body shape, 
hesitations, instability or falls penalise the score of each pyramid. In addition, greater difficulty 
in the pyramids increases the final score (Federation Internationale de Gymnastique, 2017). 
One of the biomechanical variables most often used to assess balance is the centre of 
pressure (CoP) excursion. Previous studies suggest that to achieve a competent execution of the 
gymnastic element (e.g. handstand), the CoP excursion needs to be minimised (Kochanowicz 
et al., 2018; Omorczyk et al., 2018). The CoP has been recorded during the execution of 
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individual gymnastic skills such as the handstand (Blenkinsop, Pain, & Hiley, 2016; 
Kochanowicz et al., 2018; Omorczyk et al., 2018; Rohleder & Vogt, 2018; Sobera, Siedlecka, 
Piestrak, Sojka-Krawiec & Graczykowska, 2007) or one leg toe stance (Sobera et al., 2007); 
and in static formations carried out by two people as pyramids, although this has received 
limited attention in the literature (Floría et al., 2015). Despite the importance of the static 
maintenance of the pyramid in acrobatic gymnastics, only one study has examined the 
maintenance of balance in pyramid performance (Floría et al., 2015). The authors found 
associations between the CoP path length and the judges scores during the execution of simple 
initiation pyramids. Given the relevance of the difficulty level on performance in acrobatic 
gymnastics, it is important to determine the relationship between CoP excursion and judges 
scores in pyramids of varying difficulty. In general, higher displacements of the CoP have been 
observed with increasing difficulty of balance tasks (Lubetzky, Price, Ciol, Kelly, & McCoy, 
2015; Caballero, Barbado, Davids, & Moreno, 2016), therefore, it may be expected that CoP 
displacements increase in pyramids of greater difficulty. 
To master pyramids it is common for gymnasts to repeat the element several times 
during the same session to develop adaptability of performance and the ability to perform 
successfully despite unexpected events. Pyramids vary in levels of difficulty, where there is a 
continuous coupling between partners to maintain the pyramid balance. Therefore, some 
movement variability can be expected and the extent of this may provide important information 
on the adaptability to continuously changing conditions. Recent studies report on intra-
individual variation in movement patterns as an integral characteristic of any motor task 
allowing flexible adaptations to improve movement performance (Davids, Glazier, Araújo, & 
Bartlett, 2003; Preatoni et al., 2013; Baida, Gore, Franklyn-Miller, & Moran, 2018).  
Previous studies have analysed the relationship between movement variability and 
sports performance, although the conclusions are not unanimous. Some studies have related 
4 
 
lower movement variability with higher performance during the execution of a diverse range 
of motor tasks such as the volleyball spike (Serrien, Goossens, & Baeyens, 2018), various types 
of punches (Lenetsky, Brughelli, Nates, Cross, & Lormier, 2018) or a specific shooting task 
(Ko et al., 2018). By contrast, other studies have found associations between higher 
performance and higher movement variability in motor tasks such as, high bar giant circles 
(Busquets, Marina, Davids, & Angulo-Barroso, 2016; Hiley, Zuevsky, & Yeadon, 2013) or 
table tennis forehand (Iino, Yoshioka, & Fukashiro, 2017). The conflicting findings could be 
due to the analysis approach used and/or type of movement variability analysed, since 
movement variability can be classified as variability in the patterns of movement (coordination) 
or variability in the task outcome (Glazier, Wheat, Pease, & Bartlett, 2006). Depending on the 
type of variability analysed, a skilled motor performance could be characterised by low 
variability in outcome measures, and exhibit high variability in movement patterns (Bradshaw, 
Maulder, & Keogh, 2007; Wilson, Simpson, Van Emmerik, & Hamill, 2008; Ko et al., 2018). 
The CoP excursion might be considered an outcome parameter derived from the movement 
patterns performed by the gymnasts to maintain the pyramid balance. It would be expected that 
a higher performance in the pyramid execution would be accompanied by a low inter-trial 
variability in the measures that describe the CoP excursion, however, this should be confirmed 
in future studies. 
Given the importance of balance for the correct execution of a pyramid, it is necessary 
to understand how the CoP excursion and its associated inter-trial variability relate to pyramid 
performance. Thus, the objectives of this study were (1) to analyse the effect of the degree of 
difficulty of the pyramids on the CoP excursion (outcome measures) and its variability between 
trials, and (2) to determine the relationship between the CoP outcome measures and its inter-
trial variability with the pyramid score, ascertaining which of the outcome measures or inter-
trial variability had more influence on scores. It was hypothesised that (1) the CoP excursion 
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should increase in response to increased task difficulty, and (2) the higher score in the pyramid 






Forty-seven acrobatic gymnasts (consisting 34 females and 13 males) were recruited for this 
study. All participants had competed at national championship level in official categories. 
Participants were grouped in twenty-five different pairs (n = 25). Each pair was formed by two 
gymnasts with different roles: Base (22) and top gymnasts (25). Three base gymnasts formed 
two different pairs each, grouped with different top gymnasts. The base gymnasts were aged 17 
± 3 years (mean ± SD), with a mass of 62 ± 12 kg and a height of 1.64 ± 0.10 m. The top 
gymnasts were aged 11 ± 2 years, with a mass of 33 ± 6 kg and a height of 1.39 ± 0.08 m. All 
participants were free from any musculoskeletal injury that may have interfered with their 
ability to perform pyramids. The study had ethical approval from the Pablo de Olavide 
University Research Ethics Committee. All adult participants and parents/guardians of children 
participants signed informed consent forms before participating in the study. 
Testing protocol 
Each pair was instructed to perform three different pyramids, ‘stand back on bent elbows’ 
(Back, Figure 1a), ‘stand front on bent elbows’ (Front, Figure 1b), ‘handstand on bent elbows’ 
(Handstand, Figure 1c) on the regular surface of a single force platform (AMTI AccuPower, 
Watertown, MA, USA) maintaining the position for 7 s. These pyramids were selected because 
they are basic positions in Acrobatic Gymnastics and they have differing levels of difficulty 
(Federation Internationale de Gymnastique, 2016). The back and front pyramids were 
categorised as low difficulty (difficulty value = 2 points, according to the Code of Points; 
Federation Internationale de Gymnastique, 2016). In these pyramids, the top is supported on 
the feet at two points by the hands of the base, including also the support on the collarbones of 
the base in the back pyramid. The handstand pyramid was categorised as high difficulty 
(difficulty value = 3 points, according to the Code of Points; Federation Internationale de 
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Gymnastique, 2016). In it, the top gymnast executes a handstand position supported exclusively 
by the hands of the base. In all cases, the base gymnast stands and supports the top gymnast 
with bent elbows, while the top gymnast tries to keep the body in full extension. 
[Figure 1] 
Before data collection, the participants carried out their usual general warm-up, as well 
as the specific warm ups for the execution of pyramids on mats under the supervision of their 
coach. Since all subjects regularly performed these kinds of pyramids in their daily training, 
only a brief five-minute practice was needed to ensure the participants could complete the tasks 
comfortably and without risk in a satisfactory level before executing the pyramids on the force 
platform. 
During the performance of the pyramids, the base gymnast stood with both feet on the 
platform to facilitate the recording of the CoP excursion at a frequency of 200 Hz. Five 
successful trials for each pyramid type were registered for each pair, with at least 2–3 min rest 
allowed between pyramids. The trials were presented in random order. Since in competition, 
each pair performed between 6 and 10 pyramids, a maximum of 10 trials were set for each pair 
in order to mitigate fatigue effects. Consequently, 13 pairs performed five for each Front and 
Handstand pyramids, and another 12 pairs performed five for each Back and Handstand 
pyramids. 
Data analysis 
Performance measures were defined and obtained as follows. Performance of each trial was 
judged live by three certified acrobatics judges with more than five years of experience, who 
determined the technical penalties of the pyramid performance. The final pyramid score was 
obtained as the mean of the three judges’ scores. All trials were videotaped (Hero 4, GoPro Inc., 
San Mateo, California, USA) so the judges could review the score given in and revise in cases 
of doubt. All penalties were consistent with the Code of Points in Acrobatic Gymnastics 
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(Federation Internationale de Gymnastique, 2017), observing aspects related to movement 
amplitude, body shape, hesitations, instability and falls. The standard judging score was 
avoided since this is more suitable for assessing complete exercises than evaluating single 
elements (Floría et al., 2015; Miletic, Sekulic, & Wolf-Cvitak, 2004). Therefore, a tenth of a 
simple penalty was transformed into half a point penalty, and the final score was the sum of the 
deductions observed. The reliability of the judges score was tested by assessing the intraclass 
correlation coefficient (ICC= 0.950 with 95% confidence limits 0.938-0.960). ICC was 
calculated using a one-way random effects model with average measures, where judges were 
considered to represent a random selection of possible judges, who rated all gymnasts of the 
sample (Pajek, Cuk, Pajek, Kovac, & Leskošek, 2013). 
Balance measures obtained to analyse the CoP outcomes and inter-trial variability were 
amplitude of displacement of the CoP, range trajectory and surface area of the CoP. The 
amplitude of CoP displacement in the mediolateral (AmplitudeY) (1) and anteroposterior 
(AmplitudeX) (2) directions were calculated as: 
AmplitudeY = max{CoPY} − min{CoPY}(1) 
 
AmplitudeX = max{CoPX} − min{CoPX}(2) 
 
Where CoPY and CoPX are the position of CoP in anteroposterior (x) and mediolateral 
(y) axis; and max and min are the single highest and lowest values recorded in a given trial. 
Both amplitudes were used to form a rectangle with a diagonal corresponding to the range of 
CoP: 
RangeCoP=�AmplitudeY2 + AmplitudeX2 (3) 
 
The surface area (AreaCop) (4) represents the area covered by the trajectory of the CoP 
within a 95% confidence interval ellipse area. This was estimated from the standard deviations 
of the CoP in the anteroposterior and mediolateral directions. Each standard deviation was 
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multiplied by 1.96 to obtain the anteroposterior (x) and mediolateral (y) radii of the ellipse and, 
finally, the surface area was calculated as: 
AreaCoP= 𝜋𝜋 ∙ (1.96 ∙ SD{CoPY}) ∙ (1.96 ∙ SD{CoPX}) (4) 
 
Statistical analyses 
Statistical analyses were conducted using SPSS version 22.0 (IBM, Armonk, NY, USA). Non-
parametric statistics were used based on: the research design of the study; the limited number 
of expert participants available; and the fact that deductions assigned by the judge were an 
ordinal variable (Preatoni et al., 2013). The median and median absolute deviation values 
(MAD) of the five successful trials were used for the statistical calculations. Medians and 95% 
confidence limits of each participant group were computed for all the measured variables. MAD 
was utilised for estimating the variability between trials (Preatoni et al., 2013). The Wilcoxon 
test was used to evaluate the differences between low and high difficulty pyramids. Significance 
level was set at p < 0.05. The effect size was used to evaluate the magnitude of differences 
using r = Z/√N (Rosenthal,1994). The criteria to interpret the effect size were: small = 0.00–
0.29; moderate = 0.30–0.49; large ≥ 0.50 (Cohen, 1977). Statistical analysis was completed by 
the estimation of the Spearman’s rank order correlations to assess the degrees of association 
between judge scores and balance parameters, as well as between judge scores and inter-trial 
variability. Significance level was set at p < 0.05. Based on the recommendations of Hopkins 
(2006), the magnitude of the correlation coefficient was considered to be 0.0-0.09 trivial, 0.1-





During the performance of the low difficulty pyramids, higher scores were achieved compared 
to those obtained in high difficulty pyramid (Z ≤ -2.93, P < 0.05, effect size = -0.9, large) 
(Table 1). These significant differences in performance between pyramids were also observed 
in the parameters that described the CoP excursion (Z = -2.93, P < 0.05, effect size =-0.9, large). 
Higher values in area, range and amplitude parameters were observed in the high difficulty 
pyramid compared with low difficulty pyramids. In addition, higher values were observed in 
the anteroposterior amplitude of the CoP excursion versus the mediolateral amplitude in the 
three pyramids analysed. The differences observed in the parameters that described the CoP 
excursion were not as clear as the parameters which described the inter-trial variability. 
Significant differences were found between low and high difficulty pyramids in CoP area (Z ≤ 
-2.14, P < 0.05, effect size ≤ -0.6, large) and CoP range (Z = -2.49, P < 0.05, effect size = -0.8, 
large), although the latter was only reported when the back pyramid was compared with the 
handstand pyramid. These differences indicated a greater inter-trial variability in the high 
difficulty pyramid compared with those of low difficulty. For the rest of inter-trial variability 
parameters, no differences were found between pyramids with different difficulty (Z ≥ -0.98, 
P > 0.05, effect size ≥ -0.3, moderate). 
[Table 1] 
The results showed a large to nearly perfect correlation between most of the parameters 
that described the CoP excursion and the performance regardless of the degree of difficulty of 
the pyramid (Figures 2-4). This association indicated that a higher score in the execution of the 
pyramid was associated with a lower CoP excursion. Although correlation between CoP 
excursion and performance in all the pyramids was observed, the magnitude of the association 
changed depending on the degree of difficulty of the pyramid. The high difficulty pyramid 
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showed higher correlation coefficients (ρ ≥ -0.801, very large) than the low difficulty pyramids 




Statistically significant correlations were found between performance and all the inter-
trial variability measures, but only in the high difficulty pyramid (ρ ≥ -0.522, large, see Figure 
4). The relationship showed that a lower variability between trials was associated with a higher 
score awarded by the judges. In contrast, in the low difficulty pyramids no statistically 
significant correlations between scores and the inter-trial variability parameters were found (ρ 
≤ -0.444, moderate), except in the area covered by the CoP in the Front pyramid (ρ = -0.691, 




Discussion and Implications 
The main findings of this study showed the CoP outcomes and their inter-trial variability as 
important factors associated with the pyramid performance. A better performance in the 
pyramids (judges’ highest scores) was associated with improved balance (i.e. shorter 
displacements of the CoP) regardless of the difficulty level of the pyramid executed. Moreover, 
it was found that the more difficult pyramid showed greater variability across trials for the area 
covered by the CoP, compared to the simplest pyramids (Back and Front pyramids). The pairs 
that showed the greatest variability in the movements of the CoP between trials obtained worse 
scores, but only in the most difficult pyramid. 
The results of this study showed that the CoP was sensitive to the increase in the pyramid 
difficulty when the pyramids were performed by experienced acrobatic gymnasts. These 
findings were consistent with previous studies showing that the CoP displacement increases 
with the difficulty of the task (Bisson, Chopra, Azzi, Morgan, & Bilodeau, 2010; Lubetzky, 
Price, Ciol, Kelly, & McCoy, 2015; Caballero et al., 2016; Nandi et al., 2018). The balance 
control in the pyramids was weaker in the anteroposterior direction than in the mediolateral 
direction. The amplitude of the CoP excursion was higher in the anteroposterior direction than 
the mediolateral direction in all the pyramids and increased with respect to difficulty. This 
higher excursion in anteroposterior direction with respect to the orthogonal direction could be 
related to foot placement. Although, one might expect that a posture where one foot is slightly 
in front on the other could be an advantage to control the pyramid balance, this is not necessarily 
the case. Previous studies have observed that the anteroposterior sway does not decrease when 
the feet are extended in an anteroposterior direction (Kirby, Price, & MacLeod, 1987). In the 
present study, the foot placement was not controlled to ensure the specific stabilization 
strategies of each gymnast were not limited to maintain balance. Gibbons, Amazeen and Likens 
(2019) observed greater stability when the participants were allowed a self-selected foot 
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placement compared to an imposed placement. This advantage emerged primarily from the 
change in foot position and not stance width. Further studies which investigate the relationship 
of stance width and foot angle with pyramid performance are needed to determine the 
instructions that should be given on foot placement.  
The effect of the task difficulty was more evident in the Back pyramid than in the Front 
pyramid although the Federation International of Gymnastics (2016) scores the same value to 
both pyramids suggesting that the Front pyramid could be classified as a more difficult skill 
than the Back pyramid. In the Back pyramid, the top gymnast’s feet have an extra support on 
the base gymnast’s clavicles, while in the Front pyramid, the support of the top gymnast’s feet 
is provided exclusively on the base gymnast’s hands (Figure 1). This finding could suggest that 
the monitoring of the CoP excursion could be a useful tool to evaluate the effect of changes in 
the technique pyramids execution, since the CoP excursion was sensitive to small changes in 
the grip technique used by the base. Although further studies analysing the influence of 
techniques changes in pyramids execution on balance ability are necessary. 
The correlational part of this study showed that there was a clear relationship between 
the CoP excursion and performance in the pyramids. For all the pyramids studied regardless of 
the level of difficulty, a lower CoP excursion was related to a higher judge score (Figures 2-4). 
These results suggest that the pyramid instability perceived by the judges could be quantified 
by the CoP excursion, although this is not a direct measure of the postural sway. In this sense, 
postural sway relates more to the motion of the centre of mass, however the estimation of the 
CoP excursion is simpler than the determination of centre of mass excursion, so CoP excursion 
could be a more practical measure of instability in a training environment. These results are 
consistent with those reported by Floría et al. (2015) who proposed the record of CoP excursion 
as a useful tool to assess the acrobatic pyramid performance. In the present study, several 
balance measures have been used to determine which of them explains the performance in 
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pyramids to a greater extent. The balance measure with the highest correlation coefficient 
changed in each pyramid analysed. In the Back pyramid the highest correlation coefficient was 
reached by the CoP area, while in the Front pyramid it was the anteroposterior amplitude and 
in the Handstand pyramid it was the range. This discrepancy in the results complicates the 
choice of which balance measure could be used by coaches and gymnasts to assess the 
performance in acrobatic pyramids. This problem was already suggested by Ruhe, Fejer and 
Walker (2010) who indicated that to evaluate balance it is necessary to include parameters that 
describe the distance, time-distance relation and direction of the CoP excursion. Anyway, more 
studies are necessary to determine which balance measure provides more useful information 
about pyramid performance indistinctly of the performed positions. 
The results showed that the correlation between CoP excursion and performance was 
higher in the high difficulty pyramid compared with low difficulty pyramids. These results 
could be caused by the greater range of scores observed in the high difficulty pyramid compared 
with the low difficulty pyramids. The higher requirement of the high difficulty pyramid causes 
the appearance of a greater number of errors observed by the judges, which are reflected in the 
CoP excursion. Therefore, the judges scoring system could be limited by floor and ceiling 
effects (Kleffelgaard, Langhammer, Sandhaug, Pripp, & Søberg, 2018), given that the score 
ranges from 0 to 5 points and 0.5 points is subtracted for each slight penalty detected. 
Consequently, the use of CoP analysis, as a tool to evaluate performance in the pyramids could 
be more useful as the pyramid difficulty increases. 
The inter-trial variability was only sensitive to the difficulty of task when the variability 
of CoP surface area was compared between low and high difficulty pyramids. The rest of the 
parameters used to describe the inter-trial variability did not change when the difficulty of the 
pyramid was increased. In this sense, the relationship between the inter-trial variability and 
difficulty of the task did not seem clear. There are conflicting results in the literature regarding 
15 
 
the relationship between inter-trial variability and task difficulty (Bullock, Hopkins, Martin, & 
Marino, 2009; Willey & Liu, 2018). Bullock et al. (2009) found an increase in run-to-run time 
variability when the technical difficulty of the skeleton track increased. While, Willey and Liu 
(2018) observed in beanbag throwing, that inter-trial outcome variability was not influenced by 
the distance to the target. Taken together, these results do not support a clear relationship 
between the inter-trial variability and task difficulty, so further studies are necessary to explore 
this relationship in different motor skills. 
The correlation between inter-trial variability and performance was only evident in the 
high difficulty pyramid, with the exception in the inter-trial variability of the surface area in the 
Front pyramid. Higher performance in the pyramid execution was accompanied by a low inter-
trial variability. The homogeneity in performance of low difficulty pyramids could determine 
to some extent the absence of significant correlation between inter-trial variability and score. 
There are studies that indicate a decrease in variability of movement patterns with concurrent 
improvement in performance suggesting a progress towards the ‘control’ stage of learning 
(Chow, Davids, Button, & Koh, 2008). However, this study did not obtain measures on 
movement patterns, but rather outcome measures and their variability between trials. Previous 
studies have confirmed the relationship between higher sports performance and lower 
variability between trials in variables associated directly with the performance or task outcome 
(Anderson, Breed, Spittle, & Larkin, 2018; Bullock et al., 2009; Malcata & Hopkins, 2014). 
Estimates of the variability in competitive performance of each athlete provide the thresholds 
for assessing performance changes (Bullock et al., 2009; Malcata & Hopkins, 2014). This 
variability from competition to competition (inter-trial) has been extensively studied with 
respect to changes in final performance measures, e.g. time, distance, subjective scores 
(Malcata & Hopkins, 2014). In acrobatic gymnastics, the maintenance of static pyramids is a 
key factor on determination of the scores and, therefore, in the final performance of the 
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competition exercise. In the present study, CoP excursion has been shown as an indirect 
measure of balance closely associated with pyramid scores. In this sense and according to our 
results, coaches and gymnasts could use lower CoP excursion in a pyramid and its lower inter-
trial variability during practise to select the pyramids with the highest probability of success in 
competition exercises. 
Although there was a correlation between inter-trial variability and pyramid 
performance, these correlation coefficients were lower than those reported for the relationship 
between outcome and pyramid performance. Furthermore, the magnitude of the effect of the 
difficulty was greater in the outcome measures than inter-trial variability measures. These 
results suggest that outcome parameters may explain the pyramid performance in acrobatic 
gymnasts to a greater extent than inter-trial variability, and therefore provide greater utility as 
a tool for the control of training and its performance of the outcome measures versus inter-trial 
variability measure. 
It is recognised that this study has certain limitations. The present study analysed the 
CoP excursion of the entire pyramid, without differentiating top and base gymnast. An 
individual analysis of gymnasts could provide a deeper knowledge about the top and base roles 
to achieve the pyramid balance. Nevertheless, acrobatic gymnastics is a team sport since the 
scores given by the judges are applied to the complete pyramid without differentiating the base 
and top execution separately according to the code of points (Federation Internationale de 
Gymnastique, 2017). For this reason, this study aimed to evaluate the relationship between 






The specific balance manifested in the pyramids analysed in this study has had limited attention 
in the scientific literature to date, despite its importance to performance in this sport, or its 
importance in understanding of the mechanisms of maintaining static positions composed by 
more than one person. This study has demonstrated a clear effect of the degree of difficulty of 
the pyramids on the CoP excursion. The effect of the difficulty on its inter-trial variability was 
less evident because only one of the variables analysed changed when the difficulty of the 
pyramid increased, however, the CoP outcomes showed a stronger relationship with the 
pyramid performance than its inter-trial variability. Consequently, these results suggest that 
CoP excursion is more related to the difficulty and performance of acrobatic pyramids than its 
inter-trial variability. The findings may have significant practical implications for acrobatic 
gymnastic training since evaluation of instability provided by the CoP excursion could provide 
quick and accurate information about balance and performance of acrobatic pyramids, allowing 
coaches to select pyramids with less instability and, consequently, with better scores.  
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Table 1. Descriptive statistics (medians and 95% confidence limits) for the scores and balance parameters studied in each evaluated pyramid. 
Comparative statistic (p value, effect size) between low difficulty and high difficulty pyramids. 
    Low Difficulty  High Difficulty 









Handstand pyramid (n=24) 









CoP area (m2) 0.0010 (0.0008 - 0.0014) -0.9 (0.003) 0.0014 (0.0012 - 0.0019) -0.9 (0.001)  0.0072ab (0.0034 - 0.0113) 
CoP range (m) 0.06 (0.05 - 0.07) -0.9 (0.003) 0.07 (0.06 - 0.09) -0.9 (0.001)  0.18ab (0.12 - 0.22) 
CoP amplitudeml (m) 0.03 (0.03 - 0.04) -0.9 (0.003) 0.04 (0.03 - 0.05) -0.9 (0.001)  0.09ab (0.06 - 0.11) 
CoP amplitudeap (m) 0.05 (0.04 - 0.06) -0.9 (0.003) 0.06 (0.05 - 0.07) -0.9 (0.001)  0.14ab (0.10 - 0.16) 












CoP area (m2) 0.0001 (0.0000 - 0.0003) -0.8 (0.007) 0.0003 (0.0001 - 0.0005) -0.6 (0.033)   0.0017ab (0.0004 - 0.0029) 
CoP range (m) 0.01 (0.01 - 0.02) -0.8 (0.013) 0.02 (0.01 - 0.03) -0.1 (0.600)  0.02a (0.01 - 0.04) 
CoP amplitudeml (m) 0.01 (0.00 - 0.03) -0.3 (0.328) 0.01 (0.01 - 0.02) -0.2 (0.507)  0.01 (0.01 - 0.02) 
CoP amplitudeap (m) 0.01 (0.00 - 0.02) -0.3 (0.374) 0.01 (0.01 - 0.03) -0.2 (0.402)  0.02 (0.01 - 0.03) 
 
CoP: centre of pressure. aDifferences between Back-Handstand pyramid, p < 0.05. bDifferences between Front-Handstand pyramid, p < 0.05. 





Figure 1. Images of the stand back on bent elbows pyramid (a), stand front on bent elbows 




Figure 2. Spearman’s coefficients correlations (ρ) between Back pyramid score of each pair, 
with the median value of balance parameters (ρ outcome), and with the median absolute 
deviation (MAD) of the 5 trials (ρ variability). The continuous lines represent the regression 
line of the outcome values (axis on the left). The dashed lines represent the regression line of 
the variability values (axis on the right). The whiskers represent the MAD. * Significant 




Figure 3. Spearman’s coefficients correlations (ρ) between Front pyramid score of each pair, 
with the median value of balance parameters (ρ outcome), and with the median absolute 
deviation (MAD) of the 5 trials (ρ variability). The continuous lines represent the regression 
line of the outcome values (axis on the left). The dashed lines represent the regression line of 
the variability values (axis on the right). The whiskers represent the MAD. * Significant 




Figure 4. Spearman’s coefficients correlations (ρ) between Handstand pyramid score of each 
pair, with the median value of balance parameters (ρ outcome), and with the median absolute 
deviation (MAD) of the 5 trials (ρ variability). The continuous lines represent the regression 
line of the outcome values (axis on the left). The dashed lines represent the regression line of 
the variability values (axis on the right). The whiskers represent the MAD. * Significant 
Correlation p<0.05. ** Significant Correlation p<0.01. 
 
